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A b s t r a c t  N a t u r a l  l i c k s  a r e  a n  i m p o r t a n t  p l a c e  f o r  
m a m m a l s  t o  o b t a i n  m i n e r a l  e l e m e n t s  t h a t  a r e  
d e f i c i e n t  i n  t h e i r  d i e t s .  A l t h o u g h  t h e  t r o p i c a l  r a i n  
f o r e s t s  o f  B o r n e o  a r e  k n o w n  f o r  h i g h  m a m m a l i a n  
d i v e r s i t y ,  l i t t l e  i s  k n o w n  a b o u t  t h e  r e l a t i o n s h i p  
b e t w e e n  n a t u r a l  l i c k s  a n d  m a m m a l s .  T o  
u n d e r s t a n d  t h e  u s e  o f  n a t u r a l  l i c k s  b y  m a m m a l s  
a n d  t h e  r o l e  o f  n a t u r a l  l i c k s  t o  m a i n t a i n  t h e  
m a m m a l i a n  d i v e r s i t y  a n d  p o p u l a t i o n s  i n  B o r n e o ,  
w e  c o n d u c t e d  a  f i e l d  s t u d y  i n  D e r a m a k o t  F o r e s t  
R e s e r v e ,  S a b a h .  T w e n t y - n i n e  s p e c i e s  o f  
m a m m a l s  o u t  o f  t h e  3 7  s p e c i e s  k n o w n  i n  t h e  
f o r e s t s  o f  D e r a m a k o t  i r r e s p e c t i v e  o f  f o o d  t y p e  w e r e  
r e c o r d e d  o n  t h e  n a t u r a l  l i c k s .  T h e  m a m m a l s  c a m e  
t o  t h e  n a t u r a l  l i c k s  t o  d r i n k  w a t e r  r a t h e r  t h a n  t o  e a t  
s o i l .  A n a l y s i s  o f  t h e  w a t e r  f r o m  t h e  n a t u r a l  l i c k s  
s h o w e d  t h a t  t h e  c o n c e n t r a t i o n s  o f  c a l c i u m ,  
m a g n e s i u m ,  p o t a s s i u m ,  a n d  s o d i u m  a s  w e l l  a s  p H  
w e r e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  o f  t h e  c o n t r o l s  
( s t r e a m  a n d  s o i l  w a t e r ) .  F o l i a r  a n a l y s i s  o f  a n i m a l  
d i e t s  s h o w e d  t h a t  p o t a s s i u m  w a s  s i g n i f i c a n t l y  
h i g h e r  t h a n  s o d i u m  i n  c o n c e n t r a t i o n .  T h i s  s t u d y  
i n d i c a t e d  t h a t  t h e  m a m m a l s  m i g h t  c o m e  f o r  t h e  
i n g e s t i o n  o f  m i n e r a l s ,  e s p e c i a l l y  s o d i u m ,  t o  
m a i n t a i n  i n t e r n a l  s o d i u m / p o t a s s i u m  b a l a n c e .  T h e  
n a t u r a l  l i c k s  a r e  h o t  s p o t s  o f  m a m m a l i a n  d i v e r s i t y  
i n  B o r n e o  b e c a u s e  a  c a s c a d e  o f  f o o d  w e b  
( h e r b i v o r e s  t o  c a r n i v o r e s )  i s  f o r m e d .  
A b s t r a c t  f o r  p o l i c y - m a k e r s  
D e r a m a k o t  F o r e s t  R e s e r v e  h a s  b e e n  e m p l o y i n g  
r e d u c e d - i m p a c t  l o g g i n g  t e c h n i q u e s ,  a n d  w a s  
c e r t i f i e d  a s  a  w e l l - m a n a g e d  f o r e s t  b y  t h e  F o r e s t  
S t e w a r d s h i p  C o u n c i l  i n  1 9 9 7 .  A l t h o u g h  t h e  f o r e s t  
v e g e t a t i o n  a n d  s o i l s  h a v e  b e e n  s t u d i e d  a n d  t h e  
t e c h n i q u e s  t o  r e d u c e  t h e i r  i m p a c t s  w e r e  
i n c o r p o r a t e d  m  t h e  r e d u c e d - i m p a c t  l o g g i n g  
g u i d e l i n e s ,  t h e  w i l d l i f e  h a s  r e c e i v e d  l i t t l e  a t t e n t i o n  
i n  f o r e s t  m a n a g e m e n t .  T o  b e t t e r  a c h i e v e  t h e  
w i l d l i f e  c o n s e r v a t i o n  a n d  t h e  m a n a g e m e n t  o f  
f o r e s t s  i n  D e r a m a k o t  F o r e s t  R e s e r v e ,  w e  f o c u s e d  
o n  n a t u r a l  l i c k s ,  w h i c h  w e r e  k n o w n  a s  m a m m a l s '  
g a t h e r i n g  p l a c e .  L i t t l e  h a d  b e e n  k n o w n  a b o u t  t h e  
r e l a t i o n  o f  n a t u r a l  l i c k s  a n d  m a m m a l s  i n  B o r n e o  
u n t i l  w e  s t a r t e d  o u r  a n a l y s i s .  T w e n t y - n i n e  s p e c i e s  
o f  m a m m a l s  o u t  o f  t h e  3 7  s p e c i e s  f o u n d  i n  t h e  
f o r e s t s  o f  e n t i r e  D e r a m a k o t  F o r e s t  R e s e r v e  w i t h  a l l  
f o o d  t y p e s  c o m b i n e d  w e r e  r e c o r d e d  o n  t h e  n a t u r a l  
l i c k s .  T h i s  s t u d y  i n d i c a t e d  t h a t  t h e  m a m m a l s  
m i g h t  c o m e  p r i m a r i l y  f o r  t h e  i n g e s t i o n  o f  s o d i u m  
t o  m a i n t a i n  i n t e r n a l  s o d i u m / p o t a s s i u m  b a l a n c e .  
T h e r e f o r e ,  n a t u r a l  l i c k s  f o r m  h o t  s p o t s  o f  
m a m m a l i a n  d i v e r s i t y  i n  D e r a m a k o t  a n d  p r o b a b l y  i n  
o t h e r  F o r e s t  M a n a g e m e n t  U n i t s  i n  S a b a h .  W e  
p r o p o s e  t h a t  t h e  n a t u r a l  l i c k s  s h o u l d  b e  s t r i c t l y  
p r o t e c t e d  f o r  w i l d l i f e .  
K e y w o r d s  B o r n e o ,  m a m m a l i a n  d i v e r s i t y ,  n a t u r a l  
l i c k s ,  t r o p i c a l  r a i n  f o r e s t .  
I n t r o d u c t i o n  
B o r n e a n  t r o p i c a l  r a m  f o r e s t s  a r e  k n o w n  t o  b e  a  
r e g i o n  o f  h i g h  m a m m a l i a n  d i v e r s i t y .  I t  i s  
i m p o r t a n t  t o  s t u d y  t h e  h a b i t a t  u s e  o f  m a m m a l s  i n  
B o r n e o  t o  u n d e r s t a n d  t h e  t r o p i c a l  f o r e s t  e c o s y s t e m  
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and its conservation. We focused on natural licks, 
which are thought to be mineral-rich places. 
Essential mineral elements in an ecosystem 
are distributed among several compartments such 
as soils and above-ground vegetation having 
distinctive roles and turnover rates. Availability 
of these mineral nutrients is the product of a 
complex array of interacting processes including 
microclimate, chemical properties of organic matter, 
chemical status of the soil, and the activity of 
animals. Although most essential elements 
(nitrogen, phosphate, potassium, calcium, and 
magnesium) are common in plants and animals, 
sodium is essential for animals only. Therefore, 
animals need to rely on natural licks or other 
mineral sources to overcome the deficiencies in 
essential elements, including sodium. Many 
studies on the relation of the chemical properties of 
natural licks and their use by mammals have been 
conducted (Blair-West et al. 1968; Weir 1972; 
Botkin et al. 1973; Emmons and Stark 1979; 
Tankersley and Gasaway 1983; Risenhoover and 
Peterson 1986; McNaughton 1988; Knight et al. 
1988; Moe 1993; Izawa 1993). 
In Borneo, it was reported that the distribution 
of large herbivores, such as Asian elephants 
(Elephas maximus) and tembadau/banteng (Bos 
javanicus), corresponded with that of natural licks 
(Payne and Andau 1991). However, I ittle is 
known about the chemical properties of natural 
licks and the relationship between natural licks and 
mammals. 
The aim of this study was to understand 
the use of natural licks by mammals and the 
significant roles of natural licks in Borneo. We 
conducted a field study for twelve months between 
May 2003 and March 2005 in Deramakot Forest 
Reserve, Sabah, Malaysia. 
Materials and Methods 
Study area 
Deramakot Forest Reserve (05° 15'-28'N, 
117°20'-38'E) is 55,083 ha and is situated at the 
upper Kinabatangan River in size, centrally located 
in Sabah, Malaysian Borneo. The climate is 
humid equatorial with a mean annual temperature 
of about 27 0c. Being greatly influenced by the 
Northeast Monsoon (November-February) and the 
Southwest Monsoon (May-August), the average 
annual precipitation is about 3500 mm (Kleine and 
Heuveldop 1993, Huth and Ditzer 2004). The 
forest of Deramakot Forest Reserve consists of 
lowland mixed dipterocarp forests dominated by 
the family Dipterocarpaceae (Dipterocarpus spp., 
Parashorea spp., and Shorea spp.). 
Under the management of the Forestry 
Department of Sabah, harvesting operations within 
Deramakot Forest Reserve has been following 
reduced-impact logging guidelines since 1995 and 
the reserve was certified as a well-managed forest 
by the Forest Stewardship Council in 1997. 
Although the forest vegetation and soils have been 
studied and incorporated in the reduced-impact 
logging guidelines, the wildlife has received less 
attention in forest management. 
Mammal survey at natural licks and other places 
in Deramakot Forest Reserve 
We surveyed the mammalian species in Deramakot 
Forest Reserve, targeting the medium and large, 
non-volant mammalian species using 1) a 24-hour 
camera-trap with 15 camera stations, 2) a route 
census: diurnal direct-observation and 
identification of prints (footprints and claw marks), 
and 3) interviews with knowledgeable forestry staff 
of Deramakot District. Target species were 47 
species that have been recorded in lowland forest, 
Sabah (Yasuma and Andau 2000). Chiroptera 
(bats), Dermoptera (colugo), Small Insectivora 
(shrews), Scandentia (treeshrews), and Small 
Rodentia (squirrels and rats) were excluded from 
this study. 
Camera traps with an infrared triggering 
mechanism (sensor camera Field note II, Marif, 
Yamaguchi, Japan) were set up at 15 camera 
stations, which included 10 animal trails near 
watering places or on a ridge and five natural licks. 
Some camera traps were baited with fallen fruits. 
After completion of the field study, we counted the 
numbers of individuals photographed. When 
there were many photographs of the same 
individual within 30 minutes, only one was counted. 
When several individuals were photographed in 
one frame, only one was counted. For the route 
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c e n s u s ,  w e  e s t a b l i s h e d  6  r o u t e s  w i t h  a  t o t a l  o f  6 4  
k m :  a  p a t h  t o  g e t  t o  c a m e r a - t r a p p i n g  s i t e s ;  a  3  k m  
c o u r s e  a r o u n d  t h e  b a s e  c a m p ;  a  1 5  k m  p a t h  w e s t  o f  
t h e  b a s e  c a m p ;  a  1 0  k m  p a t h  n o r t h  o f  t h e  b a s e  
c a m p ;  a  3 0  k m  p a t h  a n d  t w o  3  k m  p a t h s  e a s t  o f  t h e  
b a s e  c a m p .  W e  c o n d u c t e d  a  r o u t e  c e n s u s  o n  f o o t ,  
b y  m o t o r b i k e ,  o r  f r o m  f o u r - w h e e l  v e h i c l e s  d u r i n g  
t h e  d a y  a n d  n i g h t .  F o r  i n t e r v i e w s ,  w e  r e l i e d  o n  
v e r y  k n o w l e d g e a b l e  F o r e s t r y  D e p a r t m e n t  
e m p l o y e e s .  
C h e m i c a l  p r o p e r t i e s  o f  n a t u r a l  l i c k s  a n d  a n i m a l s  
f o o d s  
T h e  s t u d y  i d e n t i f i e d  f i v e  n a t u r a l  l i c k s  w i t h i n  
D e r a m a k o t  F o r e s t  R e s e r v e :  N L - I  ( 0 5 ° 2 2 ' N ,  
1 1 7 ° 2 9 ' E ) ,  N L - 2  ( 0 5 ° 2 0 ' N ,  1 1 7 ° 3 0 ' E ) ,  N L - 3  
( 0 5 ° 2 1  ' N ,  1 1 7 ° 3 1  ' E ) ,  N L - 4  a n d  N L - 5  ( 0 5 ° 1 9 ' N ,  
1 1 7 ° 3 4 ' E )  ( F i g u r e  I ) ;  t h e  l a b e l  n u m b e r  i n d i c a t i n g  
t h e  d i s t a n c e  o f  t h e  n a t u r a l  l i c k s ,  i n  k i l o m e t e r s ,  f r o m  
t h e  F o r e s t r y  D e p a r t m e n t  B a s e  C a m p .  T o  s t u d y  
t h e  c h e m i c a l  p r o p e r t i e s  o f  t h e  n a t u r a l  l i c k s ,  w e  
a n a l y z e d  t h e  m i n e r a l  c o n t e n t s  o f  t h e  w a t e r  f r o m  t h e  
n a t u r a l  l i c k s .  A  t o t a l  o f  5 9  w a t e r  s a m p l e s  w e r e  
c o l l e c t e d  f r o m  t h e  n a t u r a l  l i c k s :  1 3  f r o m  N L - I ,  1 3  
f r o m  N L - 2 ,  I I  f r o m  N L - 3 ,  1 3  f r o m  N L - 4 ,  a n d  9  
f r o m  N L - 5  a t  d i f f e r e n t  t i m e s  a n d  s e a s o n s .  F o r  
c o m p a r i s o n ,  w e  a l s o  c o l l e c t e d  1 8  s a m p l e s  o f  w a t e r ,  
8  f r o m  a  p o n d  a n d  1 0  f r o m  a  s t r e a m  l e s s  t h a n  5 0  m  
f r o m  n a t u r a l  l i c k s  N L - I  a n d  N L - 4 .  D u r i n g  e a c h  
c o l l e c t i o n ,  w a t e r  s a m p l e s  w e r e  d r a w n  t h r o u g h  a  1 0  
m l  p i p e t t e  f r o m  m o r e  t h a n  1 0  p o i n t s  a t  e a c h  n a t u r a l  
l i c k ,  p o n d  o r  s t r e a m  a n d  b u l k e d  b y  s i t e .  A f t e r  
t h o r o u g h  m i x i n g  t o  h o m o g e n i z e ,  a b o u t  5 0  m l  o f  
e a c h  b u l k e d  s a m p l e s  w a s  f i l t e r e d  ( s y r i n g e  f i l t e r  0 . 2  
1 1 m  p o r e  s i z e ,  W h a t m a n ,  U S A )  a n d  s t o r e d  a t  4  
d e g r e e s  C e l s i u s  u n t i l  t h e  t i m e  o f t h e  a n a l y s i s .  
T o  t e s t  t h e  c h e m i c a l  p r o p e r t i e s  o f  t h e  a n i m a l  
d i e t s  b a s e d  o n  m a m m a l  s u r v e y  a t  t h e  l i c k s ,  w e  
c o l l e c t e d  s o m e  c r e e p i n g  h e r b s  ( L e g u m i n o s a e :  
M i m o s a  p u d i c a ) ,  s o m e  h e r b a c e o u s  V I n e s  
( C o m p o s i t a e :  M i k a n i a  s c a n d e n s ) ,  g r a s s  
( G r a m i n e a e :  P a s p a l u m  c o n j u g a t u m ) ,  y o u n g  l e a v e s  
o f  t r e e s  ( E u p h o r b i a c e a e :  M a c a r a n g a  s p p . ) ,  f a l l e n  
f r u i t s  ( M o r a c e a e :  F i c u s  s p p . ;  R u b i a c e a e :  
N e o l a m a r c k i a  c a d a m b a ) ,  a n d  b a r k  o f  t r e e s  
( S t e r c u l i a c e a e :  P t e r o s p e r m u m  s p p . ) .  T h e  p l a n t  
s a m p l e s  w e r e  d r i e d  a t  6 0  d e g r e e s  C e l s i u s  t o  a  
c o n s t a n t  w e i g h t  a n d  t h e n  g r o u n d  t o  p a s s  a  m e s h  
s i z e  o f  I  m m  u s i n g  a  T h o m a s  W i l e y  M i l l .  T h e  
g r o u n d  s a m p l e s  w e r e  t h e n  d i g e s t e d  f o l l o w i n g  t h e  
s u l p h u r i c  a c i d - h y d r o g e n  p e r o x i d e  m e t h o d  
d e s c r i b e d  i n  A l l e n  ( 1 9 8 9 ) .  
T o t a l  c a l c i u m ,  m a g n e s i u m ,  p o t a s s i u m ,  
a n d  s o d i u m  c o n c e n t r a t i o n s  i n  t h e  f i l t e r e d  w a t e r  
s a m p l e s  a n d  t h e  d i g e s t e d  s o l u t i o n s  w e r e  m e a s u r e d  
o n  a  G B C  a t o m i c  a b s o r p t i o n  s p e c t r o m e t e r .  P r i o r  
t o  t h e  m e a s u r e m e n t ,  t h e  t e m p e r a t u r e  o f  t h e  w a t e r  
s a m p l e s  w a s  b r o u g h t  t o  r o o m  t e m p e r a t u r e .  A l l  o f  
t h e  a n a l y s e s  w e r e  c o n d u c t e d  a t  t h e  C h e m i s t r y  
S e c t i o n  o f  t h e  F o r e s t  R e s e a r c h  C e n t r e ,  S a b a h  
F o r e s t r y  D e p a r t m e n t .  
D a t a  a n a l y s i s  
C o m p a r i s o n s  o f  t h e  c h e m i c a l  p r o p e r t i e s  o f  n a t u r a l  
l i c k s  w i t h  c o n t r o l s  a s  w e l l  a s  t h e  s o d i u m  a n d  
p o t a s s i u m  c o n c e n t r a t i o n s  i n  v e g e t a t i v e  d i e t s  o f  t h e  
a n i m a l s  w h i c h  v i s i t e d  n a t u r a l  l i c k s  w e r e  
s t a t i s t i c a l l y  c o n d u c t e d  t h r o u g h  a n a l y s i s  o f  v a r i a n c e  
f o l l o w e d  b y  a  c o m p a r i s o n  o f  m e a n s .  D a t a  a r e  
p r e s e n t e d  a s  t h e  m e a n  ±  s t a n d a r d  d e v i a t i o n .  
R e s u l t s  
M a m m a l i a n f a u n a  o f  D e r a m a k o t  F o r e s t  R e s e r v e  
T a b l e  1  s h o w s  t h e  s p e c i e s  o f  m e d i u m - t o - I a r g e  
m a m m a l s  r e c o r d e d  i n  D e r a m a k o t  F o r e s t  R e s e r v e .  
S e v e n  o r d e r s ,  s e v e n t e e n  f a m i l i e s ,  a n d  t h i r t y - s e v e n  
s p e c i e s  w e r e  r e c o r d e d  d u r i n g  t h e  c e n s u s .  T h e  
n u m b e r  o f  s p e c i e s  f r o m  t h i s  s t u d y  a c c o u n t s  f o r  
7 8 . 7 %  o f  t h e  t o t a l  t a r g e t e d  s p e c i e s  ( 4 7  s p e c i e s ) .  
L a r g e  e n d a n g e r e d  m a m m a l s ,  s u c h  a s  t h e  
o r a n g - u t a n  ( P o n g o  p y g m a e u s ) ,  t h e  A s i a n  e l e p h a n t ,  
t h e  c l o u d e d  l e o p a r d  ( N e o f e l i s  n e b u l o s a ) ,  a n d  t h e  
s u n  b e a r  ( H e l a r c t o s  m a l a y a n u s ) ,  w e r e  r e c o r d e d  i n  a  
w i d e  a r e a .  T h e  t e m b a d a u / b a n t e n g  w a s  c o n f i n e d  
t o  a  r e l a t i v e l y  s m a l l  a r e a  i n  t h e  e a s t e r n  p a r t  o f  
D e r a m a k o t  F o r e s t  R e s e r v e .  P r o b o s c i s  m o n k e y  
( N a s a l i s  l a r v a t u s )  w a s  r e c o r d e d  a t  t h e  
K i n a b a t a n g a n  r i v e r s i d e ,  i n  t h e  s o u t h  a n d  
s o u t h e a s t e r n  p a r t s  o f  D e r a m a k o t  F o r e s t  R e s e r v e .  
S o m e  a n i m a l s  w e r e  r e c o r d e d  w i t h  t h e i r  y o u n g  o n e s  
b y  d i r e c t  o b s e r v a t i o n s ,  o r  c a m e r a  t r a p s  o r  w i t h  t h e  
e v i d e n c e  o f  d u n g .  T h e s e  r e s u l t s  s h o w e d  t h a t  
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Deramakot Forest Reserve has breeding 
populations of large endangered mammals. 
Mammalian species and their behavior at natural 
licks 
Table I also shows that 29 mammalian species 
(78.4%) out of the 37 in Deramakot Forest Reserve 
were recorded at natural licks during the census. 
The number of species accounts for 61 .7% of the 
total number of species (47 species) in Sabah. 
This survey showed that diurnal and nocturnal, or 
terrestrial and arboreal mammals with all 
food-types came to natural licks. 
A total of 493 photographs were taken by five 
camera traps at five natural licks (472 
camera-nights). Table 2 shows the top-five 
mammal species in descending order according to 
the number and frequency of photographs. The 
sambar deer (Cervus unicolor) (42 .8%; n = 211), 
followed by the bearded pig (Sus barbatus) 
(18.5%; n = 91), was the most commonly recorded 
specIes In all photographs (n = 493). The 
orang-utan, the Asian elephants (Elephas 
maximus), and the tembadau/banteng (Bas 
javanicus) which were endangered species, were 
also recorded to use a natural lick. (Figure 2-1 , 2-2 
and 2-3). 
The results of camera traps, direct 
observations and interviews, and the absence of 
excavation prints suggested that the mammals 
drink the water rather than eat the soils. 
Chemical properties of natural licks and the 
animal diets 
The natural licks of Deramakot Forest Reserve are 
around 3.5±2.5 m2, usually contain little water and 
connected to some animal trails . Although there 
is variation in the mineral concentrations of natural 
licks, water samples from natural licks had 
significantly higher (p < 0.001) pH levels and 
calcium, magnesium, potassium, and sodium 
concentrations than those from controls did (Table 
3). The sodium concentration of NL-4 and NL-5 
were significantly higher than that of the other 
natural licks (p < 0.001). Moreover, the NL-4 
and NL-5 only has a large colony of leeches in the 
water. The leeches were thought to be waiting for 
animals, whereby they cling to the muzzle and suck 
their blood (interview with local people). Only at 
the N L-2, calcium demonstrated the highest 
concentration among minerals. These results 
indicate that the natural licks could be classified by 
the mineral concentration and presence of the 
leeches. The mineral contents of the animal diets 
indicated that the potassium concentration was the 
highest of all, except for bark of the tree (Table 4). 
Moreover, Table 4 shows that potass ium was 
significantly higher than sodium in concentration 
(p < 0.001). 
Discussion 
Visitation of herbivorous!frugivorolls animals to 
natural licks in Borneo 
Mammals of all food types, I.e., herbivorousl 
frugivorous, insectivorous, omnivorous, and 
carnivorous animals, were recorded at natural licks. 
In addition to the sambar deer, the lesser 
mouse-deer, and the orang-utan, which were in the 
top-five species (Table 2), the Asian elephants and 
the tembadaulbanteng were confirmed at all natural 
licks. These results suggest that these species 
including endangered species largely depend on 
natural licks and that their spatial concentrations in 
the forest must be influenced by the distribution of 
natural licks. 
An analysis of the chemical properties of 
natural licks and the food available for them 
showed that 1) the pH of the water was alkaline 
and 2) the food taken by herbivore/frugivore 
animals had significantly higher potassium than 
sodium in concentration. It has been reported that 
herbivore/frugivore animals suffer from acidosis as 
a result of the acceleration of fermentation in their 
stomachs (Kreulen 1985). These results suggest 
that some of the reasons that herbivore/frugivore 
animals come to natural licks: I) to drink alkaline 
water to avoid acidosis, and 2) to ingest sodium to 
maintain the internal sodium/potassium balance. 
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V i s i t a t i o n  o f  o m n i v o r o u s  a n d  c a r n i v o r o u s  a n i m a l s  
t o  n a t u r a l  l i c k s  i n  B o r n e o  
N o t  o n l y  h e r b i v o r o u s / f r u g i v o r o u s  a n i m a l s  b u t  a l s o  
o m n i v o r o u s / c a r n i v o r o u s  a n i m a l s ,  s u c h  a s  t h e  
b e a r d e d  p i g  a n d  t h e  M a l a y  b a d g e r s  ( M y d a u s  
j a v a n e n s i s ) ,  w e r e  i n  t h e  t o p - f i v e  s p e c i e s  ( T a b l e  2 ) .  
T h e s e  o m n i v o r o u s / c a r n i v o r o u s  s p e c i e s  c a n  o b t a i n  
s o d i u m  f r o m  p r e y  a n i m a l s .  O m n i v o r o u s  a n d  
c a r n i v o r o u s  a n i m a l s  h a v e  a l s o  b e e n  r e c o r d e d  a t  
n a t u r a l  l i c k s  i n  N e p a l  ( M o e  1 9 9 3 ) .  T h e  r e a s o n  f o r  
t h e i r  v i s I t t n g  n a t u r a l  l i c k s  i s  n o t  c l e a r .  
C o n s i d e r i n g  t h a t  n a t u r a l  l i c k s  u s u a l l y  h a v e  l i t t l e  
w a t e r ,  t h e y  m a y  n o t  p r i m a r i l y  c o m e  t o  d r i n k  t h e  
w a t e r .  R a t h e r ,  t h e y  m i g h t  u s e  n a t u r a l  l i c k s  a s  
h u n t i n g  p l a c e s .  B e a r d e d  p i g s  a n d  M a l a y  b a d g e r s  
g e n e r a l l y  e a t  e a r t h w o r m  a n d  i n s e c t s ,  a l t h o u g h  
b e a r d e d  p i g s  h a v e  a  v a r i e d  d i e t .  T h e y  m i g h t  a l s o  
c o m e  t o  n a t u r a l  l i c k s  t o  f o r a g e  t h e i r  f o o d  b e c a u s e  
s o m e  i n s e c t s ,  s u c h  a s  b u t t e r f l i e s ,  b e e s ,  a n d  d u n g  
b e e t l e s ,  a l s o  u s e  n a t u r a l  l i c k s  t o  i n g e s t  m i n e r a l  
w a t e r  a n d  f o r a g e  a n i m a l  d u n g .  U s i n g  c a m e r a  
t r a p s ,  w e  a l s o  r e c o r d e d  s m a l l  m a m m a l s  s u c h  a s  
b a t s ,  t r e e s h r e w s ,  s q u i r r e l s ,  a n d  r a t s  a t  n a t u r a l  l i c k s ;  
h o w e v e r ,  w e  d i d  n o t  f o c u s  o n  t h e m  i n  t h i s  s t u d y  
o w i n g  t o  t h e  d i f f i c u l t y  o f  i d e n t i f y i n g  t h e m  i n  t h e  
p h o t o g r a p h s .  T h e y  a l s o  m i g h t  c o m e  t o  e a t  
e a r t h w o r m s  a n d  i n s e c t s .  M o r e o v e r ,  c i v e t s ,  
m o n g o o s e s ,  a n d  w i l d  c a t s  w e r e  a l s o  r e c o r d e d  a t  
n a t u r a l  l i c k s  ( T a b l e  1 ) .  T h e y  m i g h t  c o m e  t o  
n a t u r a l  l i c k s  t o  h u n t  t h e s e  s m a l l  a n i m a l s .  T h e s e  
r e l a t i o n s  s u g g e s t e d  t h a t  f o o d - c h a i n  c a s c a d e s  ( s o i l  
f a u n a  a n d  i n s e c t s  s m a l l  m a m m a l s  
m e d i u m - t o - I a r g e  o m n i v o r o u s / c a r n i v o r o u s  a n i m a l s )  
m i g h t  b e  f o r m e d  a t  n a t u r a l  l i c k s .  F u r t h e r  r e s e a r c h  
o n  t h e  f a u n a  a t  n a t u r a l  l i c k s  w o u l d  c l a r i f y  t h e  f o o d  
c h a i n .  
I m p o r t a n c e  o f  n a t u r a l  l i c k s  i n  D e r a m a k o t  a n d  i t s  
p o s s i b i l i t i e s  
T h i s  s t u d y  s u g g e s t s  t h a t  n a t u r a l  l i c k s  h a v e  t h e  
f o l l o w i n g  f u n c t i o n s  f o r  m a m m a l s  i n  D e r a m a k o t  
F o r e s t  R e s e r v e :  1 )  t o  s u p p l y  a l k a l i n e  w a t e r ,  2 )  t o  
s u p p l y  m i n e r a l s ,  e s p e c i a l l y  s o d i u m ,  a n d  3 )  
p r o b a b l y ,  t o  p r o v i d e  a  h u n t i n g  p l a c e  f o r  p r e d a t o r y  
m a m m a l s .  F r o m  t h e s e ,  w e  c o n c l u d e  t h a t  n a t u r a l  
l i c k s  a r e  a  h o t  s p o t  o f  m a m m a l i a n  d i v e r s i t y  i n  
D e r a m a k o t  a n d  p r o b a b l y  e l s e w h e r e  i n  B o r n e o .  
R e s u l t s  o f  i n t e r v i e w s  w i t h  l o c a l  p e o p l e  s u g g e s t  t h a t  
s u c h  n a t u r a l  l i c k s  a r e  n o t  o n l y  p r e s e n t  i n  
D e r a m a k o t  F o r e s t  R e s e r v e  b u t  a l s o  i n  o t h e r  f o r e s t  
a r e a s  i n  S a b a h ,  B o r n e o .  T h e r e f o r e ,  n a t u r a l  l i c k s  
s h o u l d  b e  s t r i c t l y  p r o t e c t e d  a s  a n  i m p o r t a n t  h a b i t a t  
t o  k e e p  m a m m a l i a n  d i v e r s i t y  i n  D e r a m a k o t  F o r e s t  
R e s e r v e .  A t  p r e s e n t ,  S a b a h  F o r e s t r y  D e p a r t m e n t  
i s  p r o g r e s s i n g  t o w a r d s  p r o t e c t i n g  a n d  c o n s e r v i n g  
t h e  i d e n t i f i e d  n a t u r a l  l i c k s .  
A c k n o w l e d g e m e n t s  
W e  a r e  g r a t e f u l  t o  M r .  R a w i n d e r - A j o n  f o r  
s u p p o r t i n g  o u r  f i e l d w o r k .  T h a n k s  a r e  d u e  t o  M r .  
S .  M a n n a n ,  D i r e c t o r  o f  S a b a h  F o r e s t r y  D e p a r t m e n t ,  
D r .  Y .  F .  L e e ,  D e p u t y  D i r e c t o r  o f  F o r e s t  R e s e a r c h  
C e n t r e ,  S a b a h  F o r e s t r y  D e p a r t m e n t ,  M r .  P .  A n d a u ,  
D i r e c t o r  o f  S a b a h  W i l d l i f e  D e p a r t m e n t ,  M a l a y s i a  
a n d  D r .  T .  N a k a s h i z u k a ,  R e s e a r c h  I n s t i t u t e  f o r  
H u m a n i t y  a n d  N a t u r e ,  J a p a n .  W e  e x p r e s s  o u r  
g r a t i t u d e  t o  t h e  s t a f f  o f  D e r a m a k o t  F o r e s t  D i s t r i c t ,  
e s p e c i a l l y  t o  M r .  S .  H .  S u p a r l a n  a n d  M r .  A .  A h m a d .  
W e  a l s o  e x p r e s s  o u r  a p p r e c i a t i o n  a n d  g r a t i t u d e  t o  
t h e  s t a f f  o f  c h e m i c a l  s e c t i o n  o f  F R C ,  e s p e c i a l l y  M s .  
L e e  Y u n  L e n ,  M r .  H .  B .  A h m a d  N a w i  a n d  M r .  R .  
S a l l e h .  O u r  g r a t i t u d e  g o e s  t o  D r .  T .  S e i n o ,  C e n t e r  
f o r  E c o l o g i c a l  R e s e a r c h ,  K y o t o  U n i v e r s i t y ,  J a p a n  
a n d  M r .  D .  S u n d a l i n g ,  S a b a h  F o r e s t r y  D e p a r t m e n t  
f o r  p l a n t s  i d e n t i f i c a t i o n .  W e  w o u l d  a l s o  l i k e  t o  
t h a n k  M s .  Y .  M o r i m o t o  f o r  h e r  k i n d  a n d  u s e f u l  
s u g g e s t i o n s  o n  t h i s  m a n u s c r i p t .  T h i s  s t u d y  w a s  
s u p p o r t e d  b y  R e s e a r c h  I n s t i t u t e  f o r  H u m a n i t y  a n d  
N a t u r e  P r o j e c t  P 2 - 2 ,  a n d  i n  p a r t  b y  t h e  M E X T  
G r a n t - i n - A i d  f o r  t h e  2 1  s l  C e n t u r y  C O E  P r o g r a m  o f  
K y o t o  U n i v e r s i t y  ( A I 4 ) .  
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T a b l e  I .  M e d i u m  t o  l a r g e  m a m m a l  f a u n a  i n  D e r a m a k o t  F o r e s t  R e s e r v e .  
O r d e r  
I n s e c t i v o r a  
P r i m a t e s  
P h o l i d o t a  
R o d e n t i a  
C a r n i v o r a  
P r o b o s c i d e a  
A r t i o d a c t y l a  
F a m i l y  
E r i n a c e i d a e  
L o r i s i d a e  
T a r s i i d a e  
C e r c o p i t h e c i d a e  
H y l o b a t i d a e  
P o n g i d a e  
M a n i d a e  
H y s t r i c i d a e  
U r s i d a e  
M u s t e l i d a e  
V i v e r r i d a e  
F e l i d a e  
E l e p h a n t i d a e  
S u i d a e  
T r a g u l i d a e  
C e r v i d a e  
B o v i d a e  
S p e c i e s  ( S c i e n t i f i c  n a m e )  
M o o n  r a t  ( E c h i n o s o r e x  g y m n u r u s )  
S l o w  l o r i s  ( N y c t i c e b u s  c o u c a n g )  
W e s t e r n  t a r s i e r  ( T a r s i u s  b a n c a n u s )  
R e d  l e a f  m o n k e y  ( P r e s b y  t i s  r u b i c u n d a )  
S i l v e r e d  l a n g u r  ( P r e s b y  t i s  c r i s t a t a )  
P r o b o s c i s  m o n k e y  ( N a s a l i s  l a r v a t u s )  
L o n g - t a i l e d  m a c a q u e  ( M a c a c a f a s c i c u l a r i s )  
P i g - t a i l e d  m a c a q u e  ( M a c a c a  n e m e s t r i n a )  
B o r n e a n  g i b b o n  ( H y l o b a t e s  m u e l l e r i )  
O r a n g - u t a n  ( P o n g o  p y g m a e u s )  
P a n g o l i n  ( M a n i s  j a v a n i c a )  
L o n g - t a i l e d  p o r c u p i n e  ( T r i c h y s  ( a s c i c u l a t a )  
C o m m o n  p o r c u p i n e  ( H y s t r i x  b r a c h y u r a )  
T h i c h - s p i n e d  p o r c u p i n e  ( T h e c u r u s  c r a s s i s p i n u s )  
S u n  b e a r  ( H e l a r c t o s  m a l a y a n u s )  
Y e l l o w - t h r o a t e d  m a r t e n  ( M a r t e s  j l a v i g u l a )  
M a l a y  b a d g e r  ( M y d a u s  j a v a n e n s i s )  
O r i e n t a l  s m a l l - c l a w e d  o t t e r  ( A o n y x  c i n e r e a )  
M a l a y  c i v e t  ( V i e r r a  t a n g a l u n g a )  
O t t e r - c i v e t  ( C y n o g a l e  b e n n e t t i i )  
B i n t u r o n g  ( A r c t i c t i s  b i n t u r o n i )  
M a s k e d  p a l m  c i v e t  ( P a g u m a  l a r v a t a )  
C o m m o n  p a l m  c i v e t  ( P a r a d o x u r u s  
h e r m a p h r o d i t u s )  
B a n d e d  p a l m  c i v e t  ( H e m i g a l u s  d e r b y a n u s )  
S h o r t - t a i l e d  m o n g o o s e  ( H e r p e s t e s  b r a c h y u r u s )  
C o l l a r e d  m o n g o o s e  ( H e r p e s t e s  s e m i t o r q u a t u s )  
C l o u d e d  l e o p a r d  ( N e o f e l i s  n e b u l o s a )  
F l a t - h e a d e d  c a t  ( F e l i s  p l a n i c e p s )  
L e o p a r d  c a t  ( F e l i s  b e n g a l e n s i s )  
A s i a n  e l e p h a n t  ( E l e p h a s  m a x i m u s )  
B e a r d e d  p i g  ( S u s  b a r b a t u s )  
L e s s e r  m o u s e - d e e r  ( T r a g u l u s  j a v a n i c u s )  
G r e a t e r  m o u s e - d e e r  C T r a g u l u s  n a p u )  
B o r n e a n  y e l l o w  m u n t j a c  ( M u n t i a c u s  a t h e r o d e s )  
R e d  m u n t j a c  C M u n t i a c u s  m u n t j a k )  
S a m b a r  d e e r  C C e r v u s  u n i c o l o r )  
T e m b a d a u f B a n t e n g  ( B o s  j a v a n i c u s )  
* :  C :  C a r n i v o r e ;  H :  H e r b i v o r e ;  I :  I n s e c t i v o r e ;  0 :  O m n i v o r e  
U n d e r l i n e d  i n d i c a t e s  c o n f i r m e d  m a m m a l s  a t  n a t u r a l  l i c k .  
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Table 2. Top five species of photographed mammals at the natural licks. 
Species (Scientific name) N umber of photographs Percentage 
Sam bar deer (Cervus unicolor) 
Bearded pig (Sus barbatus) 
Lesser mouse-deer (Tragulus javanicus) 
Malay badger (Mydaus javanensis) 
Orang-utan (Pongo pygmaeus) 
211 
91 
37 
23 
23 
42.8 
18.S 
7.S 
4.7 
4.7 
Table 3. Mineral concentrations and pH of the natural licks in Deramakot Forest Reserve. 
Locations Minerals: ppm ± SD 
(Number of Samples) Ca Mg K Na 
NL-I (13) 41.7±4.7 16.S±1.7 6.8±3.2 42.6± 10.2 
NL-2 (13) 94.0±9.3 23.2± 1.9 8.4±3.0 38.7±4.6 
NL-3 (II) 4S.I ±7.2 IS .0±2.0 12.1 ±3.4 47.2±18.2 
NL-4 (13) ISS.9±SI.6 3S.I ± 11.6 29.8± 12.6 2710.2±889.1 
NL-S (9) 70.S± IO.8 13.6±2.4 14.6± 17.9 1166.3±2S3 .1 
Mean of Natural Licks ± SD 83.4±SO.0 21.4±9.8 14.4± 12.6 801.8±1173 .S 
Control-I ( 8) S.6±2.6 2.3±1.I 1.8±0.8 4.6±1.9 
Control-2 (10) 20.4±4.9 3.1±0.8 I.S±0.2 8.7±0.7 
Mean of Control ± SD 13.8±8.S 2.7± 1.0 1.6±0.6 6.9±2.4 
Table 4. Mineral concentrations of the animal diets. 
The diets Minerals: mglg 
(Scientific name) Ca Mg K 
Creeping herb 
3.26 2.18 16.97 Mimosa pudica 
Herbaceous vine 
Mikania scandens I.S0 I.S0 17.08 
Grass 
Paspalum conjugatum 1.91 2.60 20.49 
Young leaf 
S.29 4.10 16.63 Macaranga spp. 
Fruit I 
Ficus spp. 14.71 1.99 21.SS 
Fruit 2 
Neolamarckia cadamba 2.0S 1.14 IS.78 
Bark of the tree 
Pterospermum spp. IS.42 0.76 7.10 
Mean ± SD 6.31 ± 6.1 2.04± 1.1 16.S1 ± 4.7 
-68-
pH ± SD 
7.9±0.3 
8.0±0.3 
8.0±0.2 
7.9±0.2 
8.2±0.2 
8.0±0.3 
7.2±0.6 
7.9±0.2 
7.6±0.S 
Na 
0.09 
0.37 
0. 11 
O.OS 
0.22 
0.11 
0.27 
0.17 ± 0.1 
F i g u r e  1 .  A  n a t u r a l - l i c k  i n  D e r a m a k o t  F o r e s t  R e s e r v e .  
F i g u r e  2 - 1 .  P h o t o g r a p h e d  a n i m a l s  a t  t h e  n a t u r a l  l i c k s .  A d u l t  m a l e  o r a n g - u t a n .  
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Figure 2-2. Photographed animals at the natural licks. Adult female Asian elephant. 
Figure 2-3 . Photographed animals at the natural licks. Adult male 
tembadaulbanteng. 
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